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Some archaea and bacteria possess the Na+-dependent membrane
bioenergetics. Since this type of bioenergetics could apparently precede
the H+-dependent membrane bioenergetics in evolution [1, 2, 3], the
reconstruction of the evolutionary histories of the involved enzymes is
particularly challenging. Membrane Na+-translocating decarboxylases,
found both in archaea and bacteria, couple the biotin-dependent
decarboxylation of carboxylic acids with the transfer of Na+-ions out
of the cell; thereby the sodium-motive force that can be used for the
ATP synthesis is generated. To investigate the evolution of these
enzymes, we have performed the phylogenomic analysis. This type
of analysis, which demands completely deciphered genomes, is
particularly helpful upon reconstructing the evolutionary histories of
individual proteins in those cases, when these histories differ from the
phylogenies of their host organisms [4]. We have analysed membrane
Na+-translocating decarboxylases with different substrate speciﬁcities
(oxaloacetate decarboxylase, glutaconyl-CoA decarboxylase, met-
hylmalonyl-CoA decarboxylase and malonate decarboxylase system).
A representative sample of bacteria and archaea with completely
sequenced genomes was produced; similar sequences of the two main
subunits of membrane Na+-decarboxylases (α and β subunits) were
found by using BLAST within complete proteomes of selected bacteria
and archaea; the phylogenetic tree of each subunit was reconstructed
according to the domain structure. The evolutionary analysis of the
reconstructed trees indicates, that the genes of membrane Na+-
translocating decarboxylaseswere horizontally transferred frombacteria
to archaea and then were accommodated within archaean genomes as
effective utilizers of carboxylic acids.
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Molecular hydrogen plays an important role in the energy
metabolism of sulfate reducers belonging to the genus Desulfovibrio.
These bacteria have a complex hydrogenase system consisting of
several different enzymes located in different cellular compartments.
In Desulfovibrio fructosovorans, our model organism, three hydrogenases
have already been characterized: one periplasmic [NiFe] hydrogenase
(Hyn) [1], one cytoplasmic NADP-dependent [FeFe] hydrogenase (Hnd)
[2] and one periplasmic hydrogenase (Hyd) [3]. The presence of a fourth
hydrogenase has been detected (Ech) and assumed to be membrane-
bound [4]. The D. fructosovorans genome analysis revealed the presence
of genes coding for a ﬁfth [FeFe] hydrogenase. This study focuses on the
cytoplasmic NADP-dependent [FeFe] hydrogenase Hnd. It is a tetrameric
enzyme able to speciﬁcally reduce NADP+. All four subunits are encoded
by the same transcription unit: the hnd operon [2]. Due to the high
similarity with the Hyd [FeFe] hydrogenase from Acetobacterium woodii,
we speculate that Hnd works as an electron bifurcating hydrogenase [5].
In the Desulfovibrio genus, energy-generating metabolism can switch
from respiration to fermentation. The analysis by qRT-PCR of hnd
expression level in D. fructosovorans grown under various conditions
revealed that an overexpression occurs when a metabolic switch from
respiration to fermentation occurs. We have identiﬁed a putative
CRP-binding site in the promoter region upstream the hnd operon
and investigated the role of this site in the regulation of the operon
expression. The D. fructosovorans genome sequence analysis revealed
the presence of 8 possible transcriptional regulators belonging to the
Crp/Fnr transcriptional regulators family.
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Succinate:quinone oxidoreductases (SQORs) (also known as
complex II) are membrane proteins which couple the oxidation of
succinate and the reduction of quinones in the respiratory chain
of prokaryotes and eukaryotes [1–3]. Recently, an extensive
characterization of the SQR from the extremophilic bacterium
Thermus thermophilus, was described for the ﬁrst time [4]. This
enzyme is found in a trimeric state and it exhibits atypical features,
including high thermostability and an optimum of activity at 70 °C. A
recombinant form of the enzyme bearing a His-tag protruding into
the trimerization contact point preventing oligomerization has been
also prepared [5]. Interestingly, this monomeric SQOR complex is
still functional and it only shows a slightly lower thermostability. We
have studied the temperature-dependent electrocatalytic activity of
the monomeric SQR complex from the thermophilic bacterium
T. thermophilus and its counterpart from the mesophilic bacterium
Escherichia coli by protein ﬁlm voltammetry. To optimize the protein
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coverage on the electrode surface, we have increased the speciﬁc
surface area of the electrode by deposition of single-walled carbon
nanotubes (SWNTs). The structural stability of the proteins at
high temperature was monitored by Fourier-transform infrared
spectroscopy. We have established a correlation between the
temperature-dependent activity of the enzymes and the occurrence
of major structural changes. Finally, the possible structural factors
which contribute to the thermostability of T. thermophilus SQR are
discussed.
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The membrane organisation of electron transport and che-
miosmosis remains a topic of intense debate, with current models
in many bioenergetic membranes favouring the assembly of multiple
chemiosmotic components into supercomplexes that could control
the pathways of electron ﬂow and utilisation of the proton-motive
force. We set out to investigate the distribution and dynamics of
OXPHOS components in the plasma membrane of Escherichia coli
using a combination of ﬂuorescent protein tagging and ﬂuorescence
microscopy with dynamic tracking and single-particle analysis.
Complexes investigated included NDH-1, SDH, Cytochrome bd-I and
the proton-translocating ATPase, which could all be tagged with a
variety of ﬂuorescent proteins, with minimal loss of function [1,2].
Fluorescence microscopy in vivo showed that all complexes tested are
concentrated in mobile domains in the membrane, with dimensions of
about 100–200 nm and containing 10 s to 100 s of the tagged complex.
Simultaneous visualisation of pairs of tagged complexes showed that
different complexes are concentrated in separate domains, with no
signiﬁcant co-localisation and therefore no supercomplexes [2]. Since
the pairs of complexes tested include the two complexes involved
in one of the major respiratory electron transport pathways, and a
major source and sink for the proton-motive force, it follows that both
electron transport and the proton motive force are largely delocalised
over the entire membrane area in E. coli. Consistent with this model,
we observed rapid long-range diffusion of a ﬂuorescent quinone
analogue. We suggest that long-range quinone diffusion serves to carry
electrons between islands of distinct electron transport complexes in
the membrane.
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The respiratory chain in eukaryotic mitochondria mainly consists of
four transmembrane protein complexes. In contrast, the protein
components of bacterial respiratory chains are much more diverse
and complex, which enable microorganisms to cope with various living
environment. Aquifex aeolicus is Gram-negative, hyperthermophilic,
chemolithotrophic and microaerophilic eubacteria, and its genome has
been sequenced [1]. Previously, a supercomplex composed of respira-
tory chain complexes III and IV was isolated in A. aeolicus [2]. In
this project, A. aeolicus native membranes were solubilized using
mild detergents. The solubilized A. aeolicus membrane proteins were
prefractionated by gel ﬁltration chromatography or sucrose gradient
ultracentrifugation and further resolved by Blue Native PAGE (BN
PAGE) and high resolution Clear Native PAGE (hrCN PAGE). The
respiratory chain complexes were indicated by in-gel activity assay
and identiﬁed by mass spectrometry. Preliminary results showed that
complex I, as well as complex V, was detected in several bands on BN
PAGE and hrCN PAGE. In those bands several other redox membrane
proteins were found. More experiments are under way to investigate
the potential interactions and regulations among these respiratory
chain complexes.
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